C5 Palsy After Cervical Spine Surgery: A Multicenter Retrospective Review of 59 Cases. by Thompson, Sara E. et al.
Thomas Jefferson University
Jefferson Digital Commons
Rothman Institute Rothman Institute
4-1-2017
C5 Palsy After Cervical Spine Surgery: A
Multicenter Retrospective Review of 59 Cases.
Sara E. Thompson
Northwestern University
Zachary A. Smith
Northwestern University
Wellington K. Hsu
Northwestern University
Ahmad Nassr
Mayo Clinic
Thomas E. Mroz
Cleveland Clinic
See next page for additional authors
Let us know how access to this document benefits you
Follow this and additional works at: https://jdc.jefferson.edu/rothman_institute
Part of the Orthopedics Commons, and the Surgery Commons
Recommended Citation
Thompson, Sara E.; Smith, Zachary A.; Hsu, Wellington K.; Nassr, Ahmad; Mroz, Thomas E.; Fish,
David E.; Wang, Jeffrey C.; Fehlings, Michael G.; Tannoury, Chadi A.; Tannoury, Tony; Tortolani, P.
Justin; Traynelis, Vincent C.; Gokaslan, Ziya; Hilibrand, Alan S.; Isaacs, Robert E.; Mummaneni,
Praveen V.; Chou, Dean; Qureshi, Sheeraz A.; Cho, Samuel K.; Baird, Evan O.; Sasso, Rick C.;
Arnold, Paul M.; Buser, Zorica; Bydon, Mohamad; Clarke, Michelle J; De Giacomo, Anthony F.;
Derakhshan, Adeeb; Jobse, Bruce; Lord, Elizabeth L.; Lubelski, Daniel; Massicotte, Eric M.;
Steinmetz, Michael P.; Smith, Gabriel A.; Pace, Jonathan; Corriveau, Mark; Lee, Sungho; Cha, Peter
I.; Chatterjee, Dhananjay; Gee, Erica L.; Mayer, Erik N.; McBride, Owen J.; Roe, Allison K.; Yanez,
Marisa Y.; Stroh, D. Alex; Than, Khoi D.; and Riew, K. Daniel, "C5 Palsy After Cervical Spine
Authors
Sara E. Thompson, Zachary A. Smith, Wellington K. Hsu, Ahmad Nassr, Thomas E. Mroz, David E. Fish,
Jeffrey C. Wang, Michael G. Fehlings, Chadi A. Tannoury, Tony Tannoury, P. Justin Tortolani, Vincent C.
Traynelis, Ziya Gokaslan, Alan S. Hilibrand, Robert E. Isaacs, Praveen V. Mummaneni, Dean Chou, Sheeraz A.
Qureshi, Samuel K. Cho, Evan O. Baird, Rick C. Sasso, Paul M. Arnold, Zorica Buser, Mohamad Bydon,
Michelle J Clarke, Anthony F. De Giacomo, Adeeb Derakhshan, Bruce Jobse, Elizabeth L. Lord, Daniel
Lubelski, Eric M. Massicotte, Michael P. Steinmetz, Gabriel A. Smith, Jonathan Pace, Mark Corriveau, Sungho
Lee, Peter I. Cha, Dhananjay Chatterjee, Erica L. Gee, Erik N. Mayer, Owen J. McBride, Allison K. Roe,
Marisa Y. Yanez, D. Alex Stroh, Khoi D. Than, and K. Daniel Riew
This article is available at Jefferson Digital Commons: https://jdc.jefferson.edu/rothman_institute/89
Article
C5 Palsy After Cervical Spine Surgery:
A Multicenter Retrospective Review of 59 Cases
Sara E. Thompson, MS1, Zachary A. Smith, MD1, Wellington K. Hsu, MD1,
Ahmad Nassr, MD2, Thomas E. Mroz, MD3, David E. Fish, MD, MPH4,5, Jeffrey C. Wang, MD6,
Michael G. Fehlings, MD, PhD7, Chadi A. Tannoury, MD8, Tony Tannoury, MD8,
P. Justin Tortolani, MD9,10, Vincent C. Traynelis, MD11, Ziya Gokaslan, MD, FAANS, FACS12,13,14,15,
Alan S. Hilibrand, MD16, Robert E. Isaacs, MD17, Praveen V. Mummaneni, MD18, Dean Chou, MD18,
Sheeraz A. Qureshi, MD, MBA19,20, Samuel K. Cho, MD20, Evan O. Baird, MD19,
Rick C. Sasso, MD21, Paul M. Arnold, MD, FACS22, Zorica Buser, PhD23, Mohamad Bydon, MD2,
Michelle J. Clarke, MD2, Anthony F. DeGiacomo, MD7, AdeebDerakhshan, BS3, Bruce Jobse, BA24,
Elizabeth L. Lord, MD5, Daniel Lubelski, MD24, Eric M. Massicotte, MD, MSc, FRCSC7,26,
Michael P. Steinmetz, MD27, Gabriel A. Smith, MD28, Jonathan Pace, MD28, Mark Corriveau, MD29,
Sungho Lee, MD, PhD28, Peter I. Cha, BA5, Dhananjay Chatterjee, BS5, Erica L. Gee, BS5,
Erik N. Mayer, BS5, Owen J. McBride, BS5, Allison K. Roe, BS5, Marisa Y. Yanez, BA5,
D. Alex Stroh, MD8, Khoi D. Than, MD30, and K. Daniel Riew, MD31,32
Abstract
Study Design: A multicenter, retrospective review of C5 palsy after cervical spine surgery.
Objective: Postoperative C5 palsy is a known complication of cervical decompressive spinal surgery. The goal of this study was
to review the incidence, patient characteristics, and outcome of C5 palsy in patients undergoing cervical spine surgery.
Methods: We conducted a multicenter, retrospective review of 13946 patients across 21 centers who received cervical spine
surgery (levels C2 to C7) between January 1, 2005, and December 31, 2011, inclusive. P values were calculated using 2-sample
t test for continuous variables and w2 tests or Fisher exact tests for categorical variables.
Results:Of the 13946 cases reviewed, 59 patients experienced a postoperative C5 palsy. The incidence rate across the 21 sites
ranged from 0% to 2.5%. At most recent follow-up, 32 patients reported complete resolution of symptoms (54.2%), 15 had
symptoms resolve with residual effects (25.4%), 10 patients did not recover (17.0%), and 2 were lost to follow-up (3.4%).
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Conclusion: C5 palsy occurred in all surgical approaches and across a variety of diagnoses. The majority of patients had full
recovery or recovery with residual effects. This study represents the largest series of North American patients reviewed to date.
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Introduction
Postoperative C5 palsy is a known complication of cervical
decompressive spinal surgery. The incidence of this complica-
tion has been reported to be between 0% and 30% depending on
procedure type and approach.1-36 Patients commonly present
with new weakness in the deltoid and/or biceps brachii, sensory
deficits, and/or pain in the shoulders, and dissatisfaction with
surgery.* C5 palsy may present immediately after surgery or up
to 2 months postoperativelyy and can negatively affect post-
operative quality of life in the short term.14,35 The prognosis is
usually good, although recovery time can vary depending on
the severity of the deficit.z
The goal of this study was to review the incidence, patient
characteristics, and outcome of C5 palsy in a large, multicenter
retrospective review of cervical spine surgeries. Previous stud-
ies of C5 palsy have largely been limited to single-surgeon,
single-institution studies with a relatively small number of
cases to investigate. Our study marks the largest known study
of postoperative C5 palsy to date.
Materials and Methods
We have conducted a retrospective multicenter case series
study involving 21 high-volume surgical centers from the
AOSpine North America Clinical Research Network, selected
for their excellence in spine care and clinical research infra-
structure and experience. Medical records for 13 946 patients
who received cervical spine surgery (levels from C2 to C7)
between January 1, 2005, and December 31, 2011, inclusive,
were reviewed to identify occurrence of 21 predefined treat-
ment complications. The complications included reintubation
requiring evacuation, esophageal perforation, epidural hema-
toma, C5 palsy, recurrent laryngeal nerve palsy, superior lar-
yngeal nerve palsy, hypoglossal or glossopharyngeal nerve
palsy, dural tear, brachial plexopathy, blindness, graft extru-
sion, misplaced screws requiring reoperation, anterior cervi-
cal infection, carotid artery injury or cerebrovascular
accident, vertebral artery injuries, Horner’s syndrome, thor-
acic duct injury, quadriplegia, intraoperative death, revision
of arthroplasty and, pseudomeningocele. Trained research
staff at each site abstracted the data from medical records,
surgical charts, radiology imaging, narratives, and other
source documents for the patients who experienced one or
more of the complications from the list. Data was transcribed
into study-specific paper case report forms. Copies of case
report forms were transferred to the AOSpine North America
Clinical Research Network Methodological Core for process-
ing, cleaning, and data entry.
The results were presented as mean (standard deviation) and
number (%) for continuous and categorical variables, respec-
tively. P values were calculated using 2-sample t test for con-
tinuous variables and w2 tests or Fisher exact tests for
categorical variables. A P value less than .05 denoted signifi-
cant differences. Statistical analyses were performed using
SAS, version 9.4 (SAS, Cary, NC).
Results
Of the 13946 cases reviewed, 59 patients experienced a post-
operative C5 palsy. The overall incidence rate was 0.41%, with
rates across the 21 sites ranging from 0% to 2.5%. Table 1
shows the incidence rates by procedure type. There were 37
males (62.7%), and mean age was 60.9 + 13.1 years. Mean
height was 169.5 + 13.2 cm, and mean weight was 83.8 +
19.6 kg. Preoperative diagnoses are listed in Table 2. Of the 59
patients, 28 reported reoperation and postoperative Nurick
scores (1.933+ 1.23 and 0.893+ 1.23, respectively). Nurick
scores improved significantly (P < .001) after surgery. Mean
number of levels treated was 4.5+ 1.2, blood loss was 388.49
+ 6578.5 mL, and operative time was 210.3+ 109.6 minutes.
Grafting was used in 49 (83.1%) cases.
The time of initial onset of C5 palsy symptoms was reported
for 54 of the 59 C5 palsy patients and ranged from immediately
postoperative to 14 days postoperative (Figure 1). There were
29 cases delayed onset (>24 hours post-operative) C5 palsy.
Treatment and Outcome
Of the 59 patients with postoperative C5 palsy, 30 patients
(50.8%) received no treatment, 9 underwent physical therapy
(15.3%), 3 underwent an additional surgical procedure (5.1%),
and 17 underwent additional conservative treatment (28.8%).
Of the 3 undergoing additional surgical procedures, one under-
went an Oberlin nerve transfer, one underwent revision of
instrumentation and exploration of C5 root, and one underwent
3 additional procedures to address wound issues as well as
revision C4-5 foraminotomies and decompression of the nerve
root. At most recent follow-up, 32 patients reported complete
resolution of symptoms (54.2%), 15 had symptoms resolve
with residual effects (25.4%), 10 patients did not recover
(17.0%), and 2 were lost to follow-up (3.4%). Time to recovery
was reported for 27 patients and ranged from 1 month to 1.5
years (Figure 2).
*References 4, 6, 8, 10, 11, 14, 15, 18-21, 23, 26-31, 34, 35.
yReferences 1-6, 10-12, 15-21, 25, 27, 28, 30, 32, 33, 35-38.
zReferences 2-4, 6, 9, 11, 12, 16-21, 25, 26, 29, 33, 36, 37, 39.
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Figure 3 shows representative imaging of a 58-year-old
right-handed male with progressive symptoms of cervical mye-
lopathy and mid-subaxial compression as seen on T2 magnetic
resonance imaging (A and B). He underwent a posterior C4-7
decompression and C3-T1 instrumented fusion (C and D). The
patient went on to develop a bilateral C5 palsy on postoperative
day 2 with sensory loss and a manual muscle test (MMT) of 1/5
in the deltoid. Postoperative imaging (E and F) showed no
evidence of compression despite the patient’s symptoms. He
made a full recovery after 8 months with physical therapy.
Discussion
C5 palsy after cervical spine surgery is a challenging post-
operative complication to study. Inconsistencies in the defini-
tion of C5 palsy throughout the literature may result in varying
results. The most widely accepted definition defines C5 as a
motor paresis of the deltoid muscle and/or the biceps brachii
muscle of more than one grade after cervical decompression
surgery without any associated deterioration of myelopathic
symptoms.6,19,29 Bydon et al defined C5 palsy as a motor
decline of the deltoid muscle function by at least 1 level in a
standard MMT within the 6-week postoperative period.33
Eskander et al defined it as MMT score of 3 on a scale of
5.28 Hasegawa et al defined C5 palsy as deterioration of motor
function by at least 1 level in a standard MMT of the deltoid
and/or bicep without aggravation of lower extremity function,
the appearance of a new sensory disturbance between post-
operative day 0 and 2 months after surgery, or both
Figure 3. A 58-year-old male with symptomatic mid-subaxial com-
pression as seen on T2 MRI (A and B) underwent cervical laminectomy
and cervicothoracic fixation (C and D). He developed a bilateral iso-
lated C5 palsy day 2 after surgery. Postoperative imaging showed no
compression (E and F). The patient recovered after 8 months with
physical therapy.
Figure 1. Time to onset of C5 palsy for 54 of the 59 patients studied.
The x-axis is the time in days from procedure to onset of C5 palsy
symptoms, and the y-axis is the number of patients experiencing the
onset of C5 palsy at that given day.
Table 2. Diagnosis Breakdown for C5 Palsy Cohort.
Diagnosis N (%)
Patient with a single diagnosis
Cervical spodylotic myelopathy (CSM) 25 (42.4)
Radiculopathy 8 (13.5)
Degenerative disc disease (DDD) 5 (8.5)
Instability 1 (1.7)
Fracture 2 (3.4)
Other 3 (5.1)
Patients with multiple diagnoses
DDD and CSM 7 (11.8)
CSM and radiculopathy 3 (5.1)
DDD, CSM, and radiculopathy 1 (1.7)
DDD and other 2 (3.4)
Radiculopathy and other 2 (3.4)
Figure 2. Time to resolution of C5 palsy for 27 of the 59 patients
studied by 3-month intervals.
Table 1. Incidence Rates by Procedure Typea.
Procedure Type N Incidence Rate
Posterior fusion 32 0.229 (0-0.863)
Anterior fusionb 11 0.0079 (0-2.500)
Posterior—No fusion 10 0.072 (0-0.719)
Anterior—No fusion 2 0.014 (0-0.243)
Anterior/posterior fusion 2 0.014 (0-0.096)
Anterior/posterior—No fusion 1 0.007 (0-0.450)
aIncidence rates reported as mean % (range across sites).
bOne case is excluded because it came from a site that only screened anterior
procedures.
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deterioration of motor function and the appearance of a new
sensory disturbance.23
Previous studies have attempted to identify risk factors for
the development of postoperative C5 palsy. Preoperative diag-
nosis may have an impact on the development of C5 palsy.
Kalisvaart et al reported incident ranges of 2.8% to 12.1% in
patients with cervical spodylotic myelopathy (CSM), 2.1% to
14% in those with ossification of the posterior longitudinal
ligament (OPLL), and 0% to 3% in patients with cervical disc
herniation.19 OPLL has been reported to be a risk factor for
developing postoperative C5 palsy.* Nakashima et al, Naka-
mae et al, and Wu et al all reported a greater risk of developing
C5 palsy in OPLL patients those than patients with CSM,1,12,13
with Wu et al finding 9.2-fold greater risk in OPLL patients. A
preoperative diagnosis of CSM has also been linked with
higher incidences of postoperative C5 palsy than those patients
with degenerative disease or radiculopathy.y In a study of 134
patients undergoing anterior decompression and fusion, Kim
et al reported an overall incidence of 4.3%. In that study, C5
palsy did not occur in the 30 patients with radiculopathy;
excluding these patients, the rate of C5 palsy rose to 5.8% for
CSM patients.17 In our study, 64.4% of C5 palsy cases had
preoperative diagnoses of CSM, with 25.4% having degenera-
tive disc disease and 23.7% having radiculopathy. The inci-
dence of OPLL was not documented.
The type of procedure performed may also affect the risk of
developing C5 palsy. In a review of 1001 anterior and posterior
cervical decompressions, Bydon et al reported an overall C5
palsy rate of 5.2%, with a 1.6% rate in anterior procedures and
8.6% in posterior procedures.33 Procedures involving internal
fixation have been linked with higher rates of C5 palsy.4,15,32
Takemitsu et al reported the risk of developing C5 palsy to be
11.6 times greater in patients undergoing laminoplasty with
posterior instrumentation versus laminoplasty alone.4 In
patients with severe OPLL, Chet et al reported an 8% incidence
rate in patients undergoing laminoplasty, while patients under-
going laminectomy and fusion had a C5 palsy rate of 14%;
patients undergoing anterior corpectomy did not report any
cases of C5 palsy.32 Nassr et al looked at C5 palsy rates across
4 different procedure types (laminoplasty, laminectomy and
fusion, anterior corpectomy, and circumferential).11 Although
no significant differences in C5 palsy incidence were reported,
the authors hypothesized that the study was underpowered to
detect a significant difference and that the trend was toward
higher rates with laminectomy and fusion.11 In our study, 42 of
the 59 C5 palsy cases (71.2%) occurred after a posterior-
only procedure, with 32 of those 42 cases involving spinal
fusion (Table 1).
Even within a particular procedure type there is a high
degree of variability in C5 palsy rates. Duetzmann et al per-
formed a systematic review of the literature of cervical lami-
noplasty and found that 16% of the studies reported a C5 palsy
rate of >10%, 41% of studies reported a rate of 5% to 10%, 23%
of studies reported a rate of 1% to 5%, and 12.5% reported a
rate of 0%.40
Treatment and Outcome
There is no standardized treatment for C5 palsy,6,29,31,35 and
cases of C5 frequently resolve spontaneously without treat-
ment.20,23,29 If treatment is prescribed, physical therapy,
pain management, or other conservative methods are
typically used.*
Foraminotomy has been proposed to treat patients with C5
palsy, either prophylacticallyy or as a subsequent operative
treatment.12,17,20,39 In a study of patients undergoing expansive
laminoplasty, Komagata et al found that patients who under-
went bilateral partial foraminotomy showed significantly lower
incidences of palsy (0.6% vs 4.0%) than those who did not.16
Hojo et al recommended prophylactic foraminotomies at C4-5
if there are findings of foraminal stenosis on preoperative com-
puted tomography.21 Nakashima et al reported 10 cases of C5
palsy after cervical posterior fusion, 4 of which underwent
subsequent foraminotomies at C4-5.12 Of these cases,
3 improved by 2 MMT, while the fourth case showed
minimal improvement.
However, the use of prophylactic foraminotomy remains
controversial11,19,43 as there is an increased risk of nerve dam-
age with an additional foraminotomy being performed. Bydon
et al found that C4-5 foraminotomy was actually strongly cor-
related to the development of C5 palsy.33 Katsumi et al found
that while prophylactic foraminotomy decreased the rate of C5
palsy, it did not eliminate it completely.18 Additional research
is needed to determine the effectiveness of this technique in
preventing C5 palsy.
Time to recovery from C5 palsy is likely related to the
severity of the deficit.z In a review of published cases, Sakaura
found that 47.8% of mild palsy cases resolved in less than
3 months; however, 52% of severe cases took up to 6 months
to recover.6 Nassr et al reviewed 750 consecutive multilevel
cervical decompression procedures and found that time to
improvement ranged from 1 to 104 weeks with an average of
20.9 weeks.11 In that study, 71.4% of patients reached maximal
improvement within 6 months; however, 19.1% of patients had
some residual deficit at final follow-up.11 Imagama et al
reviewed 1858 patients undergoing cervical laminoplasty for
chronic compression myelopathy and reported complete recov-
ery in 67% of patients and residual deficit in 33%.43 Kim et al
reviewed 134 cases of anterior cervical decompression and
fusion for cervical degenerative disc disease with a time to
improvement range of 2 to 6 months, with one patient having
no resolution of C5 palsy.17 More than half of the C5 palsy
patients in our study reported complete resolution of
*References 1, 12, 13, 23, 26, 32, 36, 38.
yReferences 6, 12, 17, 20, 23, 26, 33.
*References 1, 2, 4, 6, 8, 10, 20, 25, 27, 30, 32, 35, 36, 41.
yReferences 4, 5, 9, 10, 12, 13, 16-18, 20, 21, 26, 29, 42.
zReferences 2-4, 6, 9, 11, 12, 16-21, 25, 26, 29, 33, 36, 37, 39.
Thompson et al 67S
symptoms, although 15 had residual effects and another 10 did
not recover.
Limitations
Data with regard to the 13887 patients without C5 palsy was
limited to procedure type only; as such, we were unable to
provide incidence rates by diagnosis, age, or other related para-
meters. This study was a retrospective review, and as such the
authors were limited by the availability of the data in the med-
ical record. C5 palsy cases, especially subtle deficits, may not
have been adequately documented in the medical record. The
most common definition of C5 palsy is a motor decline of the
deltoid muscle function by at least 1 level in a standard muscle
test33; oftentimes factors such as pain limitation, incomplete
documentation, and early improvement in deficits may allow
deficits to be missed. Furthermore, sensory deficits in this dis-
tribution may often be misdiagnosed.
In this study we evaluated all cervical operations, many of
which were for radiculopathy and not myelopathy, anterior
operations, fusions without decompression (eg, pseudoar-
throses, deformity correction, C1-2 fusions), procedures for
trauma, metastatic disease, and infection, as well as procedures
that often did not involve the C4-5 level. Given that many of
these operations are less likely to lead to C5 palsy (in contrast
to the diagnosis of OPLL or severe CSM), this may explain
why our incidence is lower than reported in the literature.
However, our results may reflect a more accurate rate of C5
palsy across all cervical procedure types and the true C5 palsy
incidence may in fact be lower than previously reported.
Conclusion
C5 palsy is a known postoperative complication of cervical
spine surgery. In this study, we reviewed 13946 cervical spine
operations and found the incidence to be 0.41%, with a range
from 0% to 2.5% across all sites. C5 palsy occurred in all
surgical approaches and across a variety of diagnoses. The
majority of patients had full recovery or recovery with residual
effects. This study represents the largest series of North Amer-
ican patients reviewed to date. Future prospective studies will
provide additional insight into the prevention, treatment, and
outcome of patients with C5 palsy.
Authors’ Note
This study was ethically approved by the institutional ethics commit-
tees at all participating sites.
Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Sara E. Thompson reports grants from AOSpine North Amer-
ica during the conduct of the study; Zachary A. Smith reports grants
from AOSpine North America during the conduct of the study; Well-
ington K. Hsu reports grants from AOSpine North America during the
conduct of the study, personal fees fromMedtronic, personal fees from
Stryker, personal fees from Bacterin, personal fees from Graftys,
personal fees from Ceramtec, personal fees from Relievant, personal
fees from Bioventus, personal fees from Globus, personal fees from
SpineSmith, outside the submitted work; Ahmad Nassr reports grants
from AOSpine North America during the conduct of the study; Tho-
mas E. Mroz reports other from AOSpine, grants from AOSpine North
America during the conduct of the study, personal fees from Stryker,
personal fees from Ceramtec, other from Pearl Diver, outside the
submitted work; David E. Fish reports grants from AOSpine North
America during the conduct of the study; Jeffrey C. Wang reports
grants from AOSpine North America during the conduct of the study;
Michael G. Fehlings reports grants from AOSpine North America
during the conduct of the study; Chadi A. Tannoury reports grants
from AOSpine North America during the conduct of the study; Tony
Tannoury reports grants from AOSpine North America during the
conduct of the study; P. Justin Tortolani reports grants from AOSpine
North America during the conduct of the study, other from Globus
Medical, grants from Spineology, other from Innovasis, outside the
submitted work, and in addition, Dr. Tortolani has a patent Globus
with royalties paid; Vincent C. Traynelis reports grants from AOSpine
North America during the conduct of the study, and Medtronic –
Royalties, Consultant Globus – Institutional Fellowship Support; Ziya
Gokaslan reports grants from AOSpine North America during the
conduct of the study, grants from AOSpine North America, personal
fees from AO Foundation, grants from AOSpine, outside the sub-
mitted work; Alan S. Hilibrand reports grants from AOSpine North
America during the conduct of the study, other from Amedica, Verti-
flex, Benvenue, Lifespine, Paradigm Spine, PSD, Spinal Ventures,
outside the submitted work, and in addition, Dr. Hilibrand has a patent
Aesculap, Amedica, Biomet, Stryker, Alphatec, with royalties paid;
Robert E. Isaacs reports grants from AOSpine North America during
the conduct of the study, grants and personal fees from NuVasive, Inc.,
personal fees from Association for Collaborative Spine research, out-
side the submitted work; Praveen V. Mummaneni reports grants from
AOSpine North America during the conduct of the study, other from
Deputy Spine, grants and other from AOSpine, other from Globus,
other from Springer Publishers, other from Thieme Publishers, other
from Taylor and Francis Publishers, other from Spincity/ISD, outside
the submitted work; Dean Chou reports grants from AOSpine North
America during the conduct of the study, other from Globus, other
from Medtronic, other from Orthofix, outside the submitted work;
Sheeraz A. Qureshi reports grants from AOSpine North America dur-
ing the conduct of the study, and is a consultant and receives royalties
from Stryker Spine, Biomet Spine, and RTI; Evan O. Baird reports
grants from AOSpine North America during the conduct of the study;
Zorica Buser reports grants from AOSpine North America during the
conduct of the study; Michelle J. Clarke reports grants from AOSpine
North America during the conduct of the study; Adeeb Derakhshan
reports grants from AOSpine North America during the conduct of the
study; Elizabeth L. Lord reports grants from AOSpine North America
during the conduct of the study; Eric M. Massicotte reports grants
from AOSpine North America during the conduct of the study, grants
from Medtronic, Depuy-Synthes Spine Canada, personal fees from
Watermark consulting, grants from AOSpine North America, nonfi-
nancial support from AOSpine North America, outside the submitted
work; Michael P. Steinmetz reports grants from AOSpine North
America during the conduct of the study; Jonathan Pace reports grants
from AOSpine North America during the conduct of the study; Peter I.
Cha reports grants from AOSpine North America during the conduct
of the study; Erica L. Gee reports grants from AOSpine North Amer-
ica during the conduct of the study; D. Alex Stroh reports grants from
AOSpine North America during the conduct of the study; Khoi D.
68S Global Spine Journal 7(1S)
Than reports grants from AOSpine North America during the conduct
of the study; and K. Daniel Riew reports personal fees from AOSpine
International, other from Global Spine Journal, other from Spine Jour-
nal, other from Neurosurgery, personal fees from Multiple Entities for
defense, plantiff, grants from AOSpine, grants from Cerapedics,
grants from Medtronic, personal fees from AOSpine, personal fees
from NASS, personal fees from Biomet, personal fees from Medtro-
nic, nonfinancial support from Broadwater, outside the submitted
work; Samuel K. Cho reports grants from AOSpine North America
during the conduct of the study; grants from OREF, personal fees from
Stryker, from Medtronic, personal fees from DePuy Synthes, outside
the submitted work; Rick C. Sasso reports grants from AOSpine North
America during the conduct of the study; personal fees from medtro-
nic, grants from medtronic, grants from K2, outside the submitted
work; Paul M. Arnold reports grants from AOSpine North America
during the conduct of the study; other from Z-Plasty, other from Med-
tronic Sofamore Danek, other from Stryker Spine, other from
FzioMed, other from AOSpine North America, other from Life Spine,
other from Integra Life, other from Spine Wave, other from MIEMS,
other from Cerapedics, other from AOSpine North America, outside
the submitted work; Mohamad Bydon reports grants from AOSpine
North America during the conduct of the study; Anthony F. De Gia-
como reports grants from AOSpine North America during the conduct
of the study; Bruce Jobse reports grants from AOSpine North America
during the conduct of the study; Daniel Lubelski reports grants from
AOSpine North America during the conduct of the study; Mark Cor-
riveau reports grants from AOSNA during the conduct of the study;
Sungho Lee reports grants from AOSpine North America during the
conduct of the study; Dhananjay Chatterjee reports grants from AOS-
pine North America during the conduct of the study; Erik N. Mayer
reports grants from AOSpine North America during the conduct of the
study; Owen J. McBride reports grants from AOSpine North America
during the conduct of the study; Allison K. Roe reports grants from
AOSpine North America during the conduct of the study; Marisa Y.
Yanez reports grants from AOSpine North America during the con-
duct of the study.
Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was sponsored by AOSpine North America Inc, a 501(c)3 nonprofit
corporation.
References
1. Wu FL, Sun Y, Pan SF, Zhang L, Liu ZJ. Risk factors associated
with upper extremity palsy after expansive open-door lamino-
plasty for cervical myelopathy. Spine J. 2014;14:909-915.
2. Uematsu Y, Tokuhashi Y, Matsuzaki H. Radiculopathy after
laminoplasty of the cervical spine. Spine (Phila Pa 1976).
1998;23:2057-2062.
3. Tanaka N, Nakanishi K, Fujiwara Y, Kamei N, Ochi M. Post-
operative segmental C5 palsy after cervical laminoplasty may
occur without intraoperative nerve injury: a prospective study
with transcranial electric motor-evoked potentials. Spine (Phila
Pa 1976). 2006;31:3013-3017.
4. Takemitsu M, Cheung KM,Wong YW, CheungWY, Luk KD. C5
nerve root palsy after cervical laminoplasty and posterior fusion
with instrumentation. J Spinal Disord Tech. 2008;21:267-272.
5. Sasai K, Saito T, Akagi S, Kato I, Ohnari H, Iida H. Preventing C5
palsy after laminoplasty. Spine (Phila Pa 1976). 2003;28:1972-1977.
6. Sakaura H, Hosono N, Mukai Y, Ishii T, Yoshikawa H. C5 palsy
after decompression surgery for cervical myelopathy: review of
the literature. Spine (Phila Pa 1976). 2003;28:2447-2451.
7. Radcliff KE, Limthongkul W, Kepler CK, et al. Cervical lami-
nectomy width and spinal cord drift are risk factors for postopera-
tive C5 palsy. J Spinal Disord Tech. 2014;27:86-92.
8. Puffer RC, Clifton WE, Mallory GW, Clarke MJ. Delayed cervi-
cal palsy following cervical spine fusion leads to an increase in
hospital-related costs. J Neurosurg Spine. 2015;22:11-14.
9. Ohashi M, Yamazaki A, Watanabe K, Katsumi K, Shoji H. Two-
year clinical and radiological outcomes of open-door cervical
laminoplasty with prophylactic bilateral C4-C5 foraminotomy
in a prospective study. Spine (Phila Pa 1976). 2014;39:721-727.
10. Odate S, Shikata J, Yamamura S, Soeda T. Extremely wide and
asymmetric anterior decompression causes postoperative C5
palsy: an analysis of 32 patients with postoperative C5 palsy after
anterior cervical decompression and fusion. Spine (Phila Pa
1976). 2013;38:2184-2189.
11. Nassr A, Eck JC, Ponnappan RK, Zanoun RR, Donaldson WF
3rd, Kang JD. The incidence of C5 palsy after multilevel cervical
decompression procedures: a review of 750 consecutive cases.
Spine (Phila Pa 1976). 2012;37:174-178.
12. Nakashima H, Imagama S, Yukawa Y, et al. Multivariate analysis
of C-5 palsy incidence after cervical posterior fusion with instru-
mentation. J Neurosurg Spine. 2012;17:103-110.
13. Nakamae T, Tanaka N, Nakanishi K, et al. Investigation of seg-
mental motor paralysis after cervical laminoplasty using intrao-
perative spinal cord monitoring with transcranial electric motor-
evoked potentials. J Spinal Disord Tech. 2012;25:92-98.
14. Lubelski D, Derakhshan A, Nowacki AS, et al. Predicting C5
palsy via the use of preoperative anatomic measurements. Spine
J. 2014;14:1895-1901.
15. Liu T, Zou W, Han Y, Wang Y. Correlative study of nerve root
palsy and cervical posterior decompression laminectomy and
internal fixation. Orthopedics. 2010;33(8). doi:10.3928/
01477447-20100625-08.
16. Komagata M, Nishiyama M, Endo K, Ikegami H, Tanaka S, Ima-
kiire A. Prophylaxis of C5 palsy after cervical expansive lamino-
plasty by bilateral partial foraminotomy. Spine J. 2004;4:650-655.
17. KimS,LeeSH,KimES,EohW.Clinical and radiographic analysis of
c5 palsy after anterior cervical decompression and fusion for cervical
degenerative disease. J Spinal Disord Tech. 2014;27:436-441.
18. Katsumi K, Yamazaki A, Watanabe K, Ohashi M, Shoji H. Anal-
ysis of C5 palsy after cervical open-door laminoplasty: relation-
ship between C5 palsy and foraminal stenosis. J Spinal Disord
Tech. 2013;26:177-182.
19. Kalisvaart M, Nassr A, Eck J. C5 palsy after cervical decompres-
sion procedures. Neurosurg Q. 2009;19:276-282.
20. Imagama S, Matsuyama Y, Yukawa Y, et al. C5 palsy after cer-
vical laminoplasty: a multicentre study. J Bone Joint Surg Br.
2010;92:393-400.
21. Hojo Y, Ito M, Abumi K, et al. A late neurological complication
following posterior correction surgery of severe cervical kypho-
sis. Eur Spine J. 2011;20:890-898.
Thompson et al 69S
22. Highsmith JM, Dhall SS, Haid RW Jr, Rodts GE Jr, Mummaneni
PV. Treatment of cervical stenotic myelopathy: a cost and out-
come comparison of laminoplasty versus laminectomy and lateral
mass fusion. J Neurosurg Spine. 2011;14:619-625.
23. Hasegawa K, Homma T, Chiba Y. Upper extremity palsy follow-
ing cervical decompression surgery results from a transient spinal
cord lesion. Spine (Phila Pa 1976). 2007;32: E197-E202.
24. Hatta Y, Shiraishi T, Hase H, et al. Is posterior spinal cord shifting
by extensive posterior decompression clinically significant for
multisegmental cervical spondylotic myelopathy? Spine (Phila
Pa 1976). 2005;30:2414-2419.
25. Hashimoto M, Mochizuki M, Aiba A, et al. C5 palsy following
anterior decompression and spinal fusion for cervical degenera-
tive diseases. Eur Spine J. 2010;19:1702-1710.
26. Guzman JZ, Baird EO, Fields AC, et al. C5 nerve root palsy
following decompression of the cervical spine: a systematic eva-
luation of the literature. Bone Joint J. 2014;96-B:950-955.
27. Gu Y, Cao P, Gao R, et al. Incidence and risk factors of C5 palsy
following posterior cervical decompression: a systematic review.
PLoS One. 2014;9:e101933.
28. Eskander MS, Balsis SM, Balinger C, et al. The association
between preoperative spinal cord rotation and postoperative C5
nerve palsy. J Bone Joint Surg Am. 2012;94:1605-1609.
29. Currier BL. Neurological complications of cervical spine surgery:
C5 palsy and intraoperative monitoring. Spine (Phila Pa 1976).
2012;37:E328-E334.
30. Choi KC, Ahn Y, Kang BU, Ahn ST, Lee SH. Motor palsy after
posterior cervical foraminotomy: anatomical consideration.
World Neurosurg. 2013;79:405.e1-4.
31. Chiba K, Ogawa Y, Ishii K, et al. Long-term results of expansive
open-door laminoplasty for cervical myelopathy—average
14-year follow-up study. Spine (Phila Pa 1976). 2006;31:2998-3005.
32. Chen Y, Guo Y, Lu X, et al. Surgical strategy for multilevel
severe ossification of posterior longitudinal ligament in the cer-
vical spine. J Spinal Disord Tech. 2011;24:24-30.
33. Bydon M, Macki M, Kaloostian P, et al. Incidence and prognostic
factors of c5 palsy: a clinical study of 1001 cases and review of
the literature. Neurosurgery. 2014;74:595-604.
34. Bydon M, Macki M, Aygun N, et al. Development of postopera-
tive C5 palsy is associated with wider posterior decompressions:
an analysis of 41 patients. Spine J. 2014;14:2861-2867.
35. Miller JA, Lubelski D, Alvin MD, Benzel EC, Mroz TE. C5 palsy
after posterior cervical decompression and fusion: cost and
quality-of-life implications. Spine J. 2014;14:2854-2860.
36. Chen Y, Chen D, Wang X, Guo Y, He Z. C5 palsy after laminect-
omy and posterior cervical fixation for ossification of posterior
longitudinal ligament. J Spinal Disord Tech. 2007;20:533-535.
37. Gandhoke G, Wu JC, Rowland NC, Meyer SA, Gupta C, Mum-
maneni PV. Anterior corpectomy versus posterior laminoplasty:
is the risk of postoperative C-5 palsy different? Neurosurg Focus.
2011;31(4):E12.
38. Kaneyama S, Sumi M, Kanatani T, et al. Prospective study and
multivariate analysis of the incidence of C5 palsy after cervical
laminoplasty. Spine (Phila Pa 1976). 2010;35:E1553-E1558.
39. Abumi K, Shono Y, Ito M, Taneichi H, Kotani Y, Kaneda K.
Complications of pedicle screw fixation in reconstructive surgery
of the cervical spine. Spine (Phila Pa 1976). 2000;25:962-969.
40. Duetzmann S, Cole T, Ratliff JK. Cervical laminoplasty develop-
ments and trends, 2003-2013: a systematic review. J Neurosurg
Spine. 2015;23:24-34.
41. Yanase M, Matsuyama Y, Mori K, et al. Intraoperative spinal cord
monitoring of C5 palsy after cervical laminoplasty. J Spinal Dis-
ord Tech. 2010;23:170-175.
42. Katsumi K, Yamazaki A, Watanabe K, Ohashi M, Shoji H. Can
prophylactic bilateral C4/C5 foraminotomy prevent postoperative
C5 palsy after open-door laminoplasty? A prospective study.
Spine (Phila Pa 1976). 2012;37:748-754.
43. Hirano K,Matsuyama Y, Sakai Y, et al. Surgical complications and
management of occipitothoracic fusion for cervical destructive
lesions in RA patients. J Spinal Disord Tech. 2010;23:121-126.
70S Global Spine Journal 7(1S)
